The UV absorption spectrum of pyridine and its gas phase reactions with OH radicals and O 3 were investigated. UV absorption cross-sections were determined by using a D 2 -lamp system in the range 200 -350 nm. The kinetic studies were carried out at room temperature and atmospheric pressure of purified air. The rate coefficient for the reaction of pyridine with OH was determined relative to that with acetone while that with O 3 was measured under pseudo first order conditions. The rate coefficients obtained are (in cm 3 molecule -1 s -1 ):
Introduction:
Pyridine (C 5 H 5 N), a heterocyclic nitrogen-containing organic compound, is used as intermediate or solvent in agrochemical and pharmaceutical industries such as the synthesis of vitamins, sulphamides, disinfecting products, dyes and explosives, rubber and paint, in the drilling of fuel and gases and in food industries [1, 2] . Because of its relatively high vapour pressure ( 18 torr at 20°C) a substantial quantity may escape into the atmosphere during its use. Pyridine may also be released into the atmosphere as primary pollutant from numerous sources such as biomass burning, automobile exhaust, coal tars and tobacco smoke [3, 4, 5] .
Due to the localised and sometimes irregular nature of the sources, the concentration of pyridine is expected to be highly variable with time and location. The presence of pyridine ion in the clean air of Mauna Loa Observatory, Hawaii, suggests a long atmospheric lifetime of its parent neutral species [6] .
Similarly to other volatile organic compounds, once in the atmosphere, pyridine may be removed by sunlight induced photolysis and/or chemical reactions with atmospheric oxidants such as OH and NO 3 radicals, Cl atoms and ozone [2] . The atmospheric persistence of pyridine can be estimated using the kinetic parameters of these reactions. However, so far, the atmospheric degradation of pyridine has been subject to only a limited number of studies. The rate coefficient of the reaction of OH with pyridine has been measured only by two groups [2, 7] while the reaction of pyridine with ozone has been investigated only once [2] . In order to better define the atmospheric fate of pyridine, its reactions with the atmospheric oxidants should be well characterized. For this purpose, we have conducted studies on its reactions with OH radicals and ozone. In addition, we have determined its UV-VIS absorption cross sections in order to evaluate the photolysis as atmospheric loss process. The obtained data are compared with the previous determinations and the atmospheric lifetime of pyridine is estimated using the measured parameters.
Experimental:
UV absorption spectrum device: The UV absorption spectrum of pyridine was measured at GSMA-Reims using a D 2 Lamp-Monochromator System. Experiments were carried out between 200 and 350 nm at temperature 353±1 K, in order to avoid the loss of pyridine to the walls, and under static conditions. The experimental set up and procedure used in this work have been presented in details in previous studies [8, 9] , therefore, only a brief description is given here. calibrated spectrophotometer (HR 640) equipped with a 2400 line mm -1 grating and a dispersion of 0.26 nm mm -1 . At the exit slit of the monochromator, the beam passes through the absorption pyrex cell of 50 cm of length and 2 cm of diameter equipped with quartz optical windows. The signal is then measured by a Hamamatsu R 955 photomultiplier tube.
Vapours of pyridine were introduced into the absorption cell under vacuum. The pressure of pyridine inside the cell was varied from 0.14 to 9.8 Torr and was measured by (0 -10) Torr MKS Baratron capacitance manometers at the beginning and the end of each measurement, in order to check for the stability of the concentration. The temperature was measured by platinum resistance sensors positioned at the two extremities of the cell. The absorption crosssection (σ λ ) values at a given wavelength λ were determined using the Lambert-Beer's law
Where I n ( ) is the spectrophotometer background noise, I 0 ( ) is the intensity of the issued radiation under vacuum in the absence of pyridine and I( ) is the transmitted intensity measured at each wavelength in the presence of pyridine. P is the pressure (in Pascal), T the temperature (in kelvin), l the optical path, R the gas constant and N A the Avogadro's number.
The concentrations introduced in the absorption cell and the path lengths were chosen in such way to obtain optical density values between 0.1 and 2, conditions for which the cross-section is determined with good accuracy.
Simulation Chamber:
The kinetic studies of the reaction of pyridine with OH and O 3
were conducted in P ~ (760 ± 5) Torr of air at T = 298 ± 2 K using a simulation chamber at ICARE-CNRS (Orléans). The experimental set up has been described in details earlier [10, 11] therefore, it will only be presented briefly here. were used to fill and flush the chamber. The facility is equipped with different type of lamps.
In this work, 2 to 4 lamps (UV-A T-40 L, Viber Lourmat) providing UV radiation with a maximum emission at 254 nm were used to generate OH radicals from the photolysis of The absorption cross-section values obtained are presented in Table 1 and shown in Figure   1 . The measurements were performed in a series of 50 to 100 nm adjacent regions with a 10 nm overlap. The reported values represent the average of 3 to 8 independent measurements at several pressures. The recorded spectra have been found to be reproducible (the variation did not exceed 20% over the studied spectral range). As seen in Figure 1 , the obtained spectrum exhibits a broad absorption band in the spectral region 220 -310 nm with a maximum of 4.36×10 -18 cm 2 molecule -1 located at 249 nm.
Pyridine is isoelectronic with benzene, so the observed absorption band is most probably due to the -* electronic transition. However, due to the presence of nitrogen atom in the aromatic ring the n-* transition is expected to occur and might be overlapping with -* band.
Several studies were found in the literature dealing with the spectroscopic analysis of the UV absorption spectrum of gaseous pyridine [12, 13, 14] . These studies showed that the maximum of absorbance which corresponds to -* transitions is located close to 250 nm. For the transition n-* , the maximum of absorption is located near to 290 nm. However, to our knowledge, no UV absorption cross-sections studies, in the gas phase, exist in the literature for pyridine.
Uncertainties on the obtained cross-sections values were estimated to be lower than 20%
resulting mainly from the uncertainty on the concentration and the purity degree of pyridine.
In order to minimize the uncertainty due to wall loss, the cell was heated up to 353 K and the pressure of pyridine introduced into the cell was largely lower than its vapour pressure. The used sample of pyridine was purified by repeated freeze-pump-thaw cycles before use. Other sources of errors may include the instability of the signal; this error was reduced by averaging several measurements.
Reaction with OH radicals:
The rate coefficient for the reaction of OH with pyridine was measured relative to that of acetone:
Pyridine + OH products k pyridine Acetone + OH products k acetone where k pyridine and k acetone are the rate coefficients of the reaction of OH with pyridine and acetone, respectively.
In addition to these reactions, both reactants, pyridine and acetone, may be lost by secondary processes such as dilution, the loss to the wall of the chamber and the photolysis under UV radiation. In order to evaluate these losses, several tests were performed prior to The obtained k pyridine value is in good agreement with those of (4.9±0. 4 [17] .
The reaction of pyridine with OH is expected to proceed mainly by addition on the meta position for which the electronic density is higher than ortho-and para-positions, as reported in previous theoretical studies [7, 18] . In their study, Vivekananda et al, [18] , used standard ab-initio and density functional theory (B3LYP)6-31+G(d,p) basis set to study the pyridinehydroxyl adduct. The obtained results showed that OH addition to the two carbon atoms in the meta-position amounted to 81-98% of total reactivity and the nitrogen atom was calculated to be virtually unreactive toward OH attack. Theoretical calculations on the addition of OH to pyridine have been also performed by Yeung et al, [7] 2003 using the B3LYP/6-31G(d,p) and TST MPW1K/6-31+G(d,p) levels. The meta position was found to be much more favorable than the other positions for OH addition to pyridine because of the meta-directing nature of the relatively electronegative substituent. However, according to the study carried out by Barckholtz et al, [19] , the H-atom abstraction channel seems to become kinetically and thermodynamically preferred over the addition channel at temperature lower than 298 K in particular for attack ortho-and para-sites.
As expected, the reactivity of pyridine with OH radicals is slower (2.5 times) than that for benzene (k benzene =1.2 × 10 -12 cm 3 molecule -1 s -1 recommanded by IUPAC [20] . This is due to the inclusion of a nitrogen atom into the aromatic ring that lowers the reactivity toward OH radicals [7] due to the electron-withdrawing effect of the nitrogen atom.
The comparison with pyrrole (C 4 H 5 N) shows that the reactivity of OH with pyridine is almost 200 times slower than that of pyrrole [21] suggesting that the radical addition to five-membered rings is kinetically preferred and thermodynamically more exoergic than radical addition to six-membered rings [19] .
Reaction with O 3 :
The rate coefficient for the reaction of pyridine with O 3 was determined under large 
Atmospheric implications:
The data obtained in this work were used to estimate the tropospheric lifetime, X , of pyridine due to its removal by chemical reaction with atmospheric photo-oxidants (X= OH, Cl, NO 3 or O 3 ) and the tropospheric lifetime due to photolysis, photolysis , according the equations (6) and (7): [24] . A quantum yield of unity was used since the overall quantum yield for pyridine is not known. Therefore, the calculated J p values represent an upper limit of the photodissociation rate constants, and the deduced lifetimes constitute lower limits. Values of tropospheric lifetimes are summarized in Table 2 . Moreover, given the relatively low Henry's constant of pyridine (1.1×10 -5 atm m 3 mol -1 [25] , it can be can deduced that the photochemical process are the main routes of atmospheric removal of this compound since it is degraded in less than 2 days (Table 2 ). It should be noted, that photolysis studies of pyridine under natural solar radiation are required in order to confirm our results. In addition, information regarding the reaction products resulting from atmospheric degradation of this species is sorely needed in order to evaluate its atmospheric impact. -This work provides the kinetic reaction of pyridine with OH radicals and ozone.
-Results are compared to those found in literature.
-The atmospheric lifetime of pyridine has been estimated with respect to reaction with OH radicals and ozone.
